Citrus variegated chlorosis (CVC) was described as a new disease of citrus in Brazil in 1987 (22, 33) . The causal agent of CVC was determined to be a fastidious bacterium, Xylella fastidiosa Wells, in the early 1990s (8, 11, 12, 17) . The disease has been reported from Brazil, Argentina, and Costa Rica (3, 11, 13) . Several strains or types of X. fastidiosa exist (26, 30) that are known to cause diseases of grapes, citrus, coffee, almonds, woody ornamentals, native hardwoods, and alfalfa (18, 19, 27, 31) . X. fastidiosa strains are transmitted by xylem-feeding sharpshooter species (Ho-moptera:Cicadellidae, Cicadellinae) (16, 32) . One of the most studied diseases is Pierce's disease (PD), a limiting factor for grape production in Florida (21, 34) and of increasing importance to grape production in California, especially since the introduction of Homalodisca coagulata Say, the glassy-winged sharpshooter (GWSS) (28) .
Citrus production in Brazil is considerably reduced by CVC (19, 22) . Following its initial recognition in 1984 in Argentina (13) , where it was known as "pecosita", and in Brazil in 1987 (22) , it has spread to all citrus-producing areas of Brazil and in 2003 had infected 43% of the estimated 200 million trees in the main citrus regions of São Paulo and Minas Gerais (23) . Approximately 24% of symptomatic trees show a brilliant leaf chlorosis and small fruit (5, 20) . Other symptoms include wilting, canopy dieback, necrotic leaf lesions, zinc-like deficiency, and undersized, hard fruit (15, 19) . Annual losses exceed $100 million in Brazil (19) . The CVC strain of X. fastidiosa has spread rapidly in South America and has been identified in Costa Rica in 2005 (3) . It has the potential to threaten orange production in Central and North America if a suitable vector is available (19) .
CVC has been experimentally transmitted by 11 different sharpshooter species tested in Brazil (16) . Sharpshooters are ubiquitous pests in citrus production areas of Florida and California (1, 2, 25) . Oncometopia nigricans Walker, a sharpshooter associated with citrus in Florida, has been demonstrated as an efficient vector of CVC (7) . Another sharpshooter, the glassy-winged sharpshooter, Homalodisca coagulata Say, is a native, ubiquitous pest of grapes in the southeastern United States, Texas, and since 1990 has become established in southern and central California, where it threatens the grape industry by its role in the spread of PD (19, 25) . It has been shown to transmit several pathotypes of X. fastidiosa (6, 29) .
We initiated a project in 1999 to investigate the potential of naturally occurring GWSS collected in California to transmit CVC, and we are reporting here the results of that transmission project. This information is important to assess the threat posed by CVC to citrus production in the United States. Portions of this study have been reported elsewhere (14) .
MATERIALS AND METHODS
Plant materials. Sweet orange plants (Citrus sinensis L. cv. Madam Vinous) infected with CVC were established and maintained in the BSL3-P biosafety containment facility at Fort Detrick, MD, under APHIS permit 39609. The CVC isolates originated from buds taken from infected sweet orange trees from Brazil and grafted into healthy 'Madam Vinous' sweet orange trees at the Exotic Pathogens of Citrus Collection, USDA, ARS, Beltsville, MD (John Hartung, personal communication). The sweet orange plants were confirmed positive for the CVC strain of X. fastidiosa by polymerase chain reaction (PCR) assay (26) prior to being used as source plants.
Sharpshooter collection and transmission. GWSS were collected from Eureka or Lisbon lemon trees in Ventura Co., CA, between 1999 and 2002. The sharpshooters were shaken from trees, weekly or biweekly, collected into a holding container, and transferred in groups of 6 to 10 adults into individual plant tubular cages (3 × 15 cm) containing either rough lemon cuttings or rooted sour orange seedlings. Tubes were sealed with mailing tape, packed in groups of five into mailing boxes, and shipped overnight to the BSL3-P facility at 
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The use of trade, firm, or corporation names in this publication (or page) is for the information and convenience of the reader. Such use does not constitute an official endorsement or approval by the United States Department of Agriculture or the Agricultural Research Service of any product or service to the exclusion of others that may be suitable. Fort Detrick. A total of 137 shipments, 1,100 cages, and 7,950 GWSS adults were shipped. Upon arrival from California, the transport boxes were opened in the containment facility, and all surviving insects were allowed to acclimatize for 24 h on one large sweet orange plant. This plant became the negative control for determining the presence of Xylella in shipped sharpshooters. Insects surviving the first 24 h were transferred into a nylon sleeve cage surrounding an infected branch of a CVC-infected source plant for a 48-to 72h acquisition access period (AAP). At the end of each AAP, living adult GWSS were transferred onto a caged healthy sweet orange seedling for an inoculation access period (IAP). Because a large percentage of GWSS that survived shipment and 24-h acclimatization did not actively feed on the infected source plant, adults from several shipments were added sequentially to the same sweet orange test seedlings until at least 30 had been observed feeding for at least 48 h. Daily survival counts were made from the date of arrival from California until the death of all insects on the test seedlings. Inoculated sweet orange seedlings then were removed from the inoculation cage and placed onto a greenhouse bench and observed for symptom development.
Test plants were subjected to 16-h day length by natural sunlight and supplemental lighting with high-pressure sodium lamps. Greenhouse temperatures ranged from 18 to 25°C. Plants were fertilized monthly with Peters 20N-20P-20K (Grace Sierra Horticultural Products Co., Milpitas, CA) and Osmocote (Scott-Sierra Horticultural Products Company, Marysville, OH).
Evaluation assays. All 26 inoculated test plants, uninoculated controls (two sweet orange seedlings on which newly arrived GWSS were allowed to feed), and three sweet orange seedlings bud-grafted from the CVC source plant were moni-tored visually for abnormal growth, chlorotic spotting, or other evidence of disease on a monthly basis. Date of symptom development and type of symptoms were recorded.
Symptomatic and asymptomatic plants were assayed for the presence of the CVC strain of Xylella by polymerase chain reaction (PCR) (26) . Six to eight leaves, selected from different branches of each test plant and control plants, were collected. Petioles and part of the midribs were excised, sliced, DNA extracted using the DNeasy kit by Qiagen, Inc., Valencia, CA, and assayed using specific primers CVC-1 and 272-2-int designed exclusively to detect the CVC strain of X. fastidiosa (26) producing an amplicon of 500 bp.
Subsamples of the same leaves used in PCR also were assayed by membrane entrapment immunofluorescence (MEIF) that had been designed for detection of the citrus canker bacterium (9) and previously used for the CVC X. fastidiosa (17) . Samples were pulverized in extraction buffer and passed through MEIF columns containing membranes to trap the bacteria. Membranes were incubated in polyclonal antibodies (UF-26) made against X. fastidiosa by Cocalico Biologicals, Inc., Reamstown, PA, labeled with a secondary tetramethylrhodamine isothiocyanate fluorescent-labeled goat anti-rabbit antibody, mounted on glass slides, and viewed with a light microscope with a fluorescent attachment (exciter BP 546, beam splitter FT 580, and barrier LP 590) in the green excitation range.
Leaf petioles of the six plants testing positive by PCR and MEIF, cibarial pumps, and precibaria from 27 GWSS that had fed on CVC-infected tissue, healthy sweet orange leaf petioles, and GWSS controls were examined for evidence of bacterial cells by scanning electron microscopy (SEM). GWSS were killed by freezing at -20°C and fixed in 3% glu-taraldehyde for 8 h. The heads were removed, postfixed in 1% osmium tetroxide, dehydrated in an acetone series, and critical point dried. Cibaria and diaphragms were dissected from the dried heads, mounted on SEM stubs, sputter-coated with gold-palladium, and viewed on a Hitachi S530 scanning electron microscope (10) .
RESULTS
Sharpshooter collection and transmission. Sequential addition of GWSS from the source plant to test plants from successive shipments resulted in 26 sweet orange plants having had at least 30 sharpshooters living and feeding 48 h or longer. Most GWSS that were transferred to the test plants did not feed or extrude any xylem fluid before dying. Ten test plants died during the test period from undetermined causes and the evaluation assays were conducted on the 16 remaining sweet orange plants.
Evaluation assays. Symptom expression of CVC in our greenhouse-grown sweet orange plants consisted of bright chlorotic spots on the older leaves of six of 16 plants, 9 months after the last GWSS had fed (Fig. 1) , and a more diffuse chlorotic mottle on younger leaves. The chlorotic spots only appeared on the lower, older leaves and not on all branches. The spots were bright yellow on the upper epidermis with rust-colored spots on the lower epidermis directly opposite the chlorotic spots. An additional three plants only showed a chlorotic mottle of the younger leaves ( Table 1) .
The 16 test plants inoculated by GWSS and the grafted, positive controls were assayed for the presence of the CVC strain of Xylella by PCR, 12 or more months after the final inoculation feeding by GWSS. Only the six plants that produced distinctive chlorotic spotting were positive by PCR, as evidenced by a 500-bp product (data not shown). The amplicons were not sequenced.
The six test plants positive by PCR also were positive by MEIF analysis with large numbers of fluorescing bacteria. An additional three test plants with only diffuse chlorotic mottling had a few fluorescent bacteria ( Table 1) . Seven of the 16 orange plants were negative in all assays. Three positive control plants inoculated by chip budding from the CVC source plant developed chlorotic spotting and were positive by MEIF and PCR. The two noninoculated control plants were negative.
Scanning electron micrographs of xylem vessels from the six CVC-infected sweet orange seedlings with chlorotic spotting and from cibaria of 27 sharpshooters having fed on infected source plants revealed abundant bacterial populations (Fig. 2) . No bacteria were found in 25 randomly chosen field-collected GWSS or in healthy sweet orange seedlings. 
DISCUSSION
The purpose of our project was to determine transmissibility of the CVC strain of X. fastidiosa by the GWSS. The CVC strain of X. fastidiosa is not in the United States, and all transmission studies had to be done in a quarantine containment facility such as the BSL-3P facility at Fort Detrick, MD. This required moving the field-collected GWSS 3,000 miles by overnight carrier with drastic changes in the environment while maintaining the proper moisture levels in their bodies. More than 90% of the 7,950 adult GWSS that arrived in the Fort Detrick Laboratory alive and seemingly hydrated, never resumed active feeding on succulent sweet orange tissue and died within 72 h and probably did not play a role in transmission. For this reason, we sequentially added sharpshooters from several shipments to the same test plant to arrive at an arbitrarily selected minimum of 30 actively feeding GWSS for at least 48 h as an inoculation set.
In contrast to the efficiency studies with O. nigricans (7) , in which one sharpshooter could transmit CVC at a 20% level, we obtained limited transmission with 30 actively feeding H. coagulata. Except for plants 3, 5, and 6 ( Table 1) , all plants positive by MEIF also were positive by PCR. In plants 3, 5, and 6, the symptoms were a diffuse chlorotic mottle without the distinct chlorotic spotting noted in the other positives. The MEIF polyclonal antibodies were raised against the X. fastidiosa species and not specifically against the CVC strain. The PCR primers used were specific to the CVC strain of X. fastidiosa (26) . Although we did not detect any bacteria in "healthy" H. coagulata, the few bacteria visualized in the MEIF analyses of plants 3, 5, and 6 may have been another strain of X. fastidiosa.
Studies by Oliveira et al. (24) utilizing quantitative real-time PCR indicated that X. fastidiosa concentrations were greater in older leaves, and strong symptoms seen during summer months were in leaves colonized as young leaves in the early spring. Our results with greenhousegrown, sharpshooter-inoculated sweet orange seedling trees were similar. Actively feeding H. coagulata inoculated susceptible 'Madam Vinous' seedlings, but symptoms did not appear until almost 9 months later when the inoculated leaves had become the older leaves on the young trees. Young leaves were asymptomatic, but as each new growth spurt occurred, the older leaves at that point would become vividly symptomatic (Fig. 1 ). Almeida and Purcell (4) found low bacterial populations in almond associated with low transmission of X. fastidiosa by sharpshooters. They speculated that the low bacterial populations of almond strain of X. fastidiosa in almond and the CVC strain in citrus may have similar transmission effects with H. coagulata. Our low transmis-sion efficiency of the CVC strain of X. fastidiosa may support that hypothesis, although further research is necessary. We do not have any data on bacterial popula-tions per se to separate transmission efficiency from feeding efficiency.
The statement by Hopkins and Purcell (19) that X. fastidiosa could become seri- a Chlorotic spotting of the older leaves as seen in Figure 1 ; chlorotic mottle is a diffuse yellow mottle seen on younger leaves of all positive plants. b Polymerase chain reaction using the primer pair CVC-1/272-1-int. c Membrane entrapment immunofluorescence. d GWSS not fed on the CVC source plant. ous, even crop-limiting, in areas where a vector exists, heightens the threat of CVC to the citrus-growing areas of North America where H. coagulata has become established, such as Florida, Texas, and California.
